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Build T &E

Logistics

Operations

Training

POM
Development

Require-
ments

Concept

Design

•  Product Model Definition

•  Multi-Disciplinary Analysis

•  Design Environments

•  Simulation

•  Solid Model Geometry

•  Visualization

•  Performance-Based      
Costing

•  Mission/Concept of Operations

•  Procurement Strategy

•  Other Life Cycle Considerations

•  Process Issues

•  Design for Manufacturability

•  Design for Maintainablilty

•  Virtual Manufacturing
•  Asset Visibility

•  Enterprise Infrastructure

•  Mission Effectiveness

•  Early/Continuous Training

•  Design for User/Operator

•  Train to Maintain
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What is SBD?What is SBD?

An Open 
Distributed 
Collaborative 
System

•IPPD Model
•Common Apps 
Framework

•Communication 
Backbone

•Virtual Products 
in Synthetic 
Environments
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Critical Infrastructure Technologies

Smart Product Model (SPM)

Multi-Disciplinary Optimization (MDO) and Multi-
Disciplinary Analysis (MDA)

Communications and Collaboration

Virtual Design Environment
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Build it Once, Use Many Times

Acquisition
Planning / COEA

Operational
Simulation

Parametric
Design

Detailed
Design Manufacturing Operations & 

Maintenance

Reduce Schedule & 
Cost

Cost as an 
Independent Variable

Best Design from 
Competitive Virtual 
Flyoff

Rapid Closure on 
Design Detail

Reduction in 
Downstream Changes

Embedded Training 
On-Line Maintenance 

Reduce O & M Costs

Multidisciplinary 
Optimization for Best 
Value Design

Select Best 
Manufacturing Process

Seamless Transition 
from Design to 
Production

Greater breadth and depth of design early-on to reduce 
total ownership cost

Maintenance
Cost

Requirements

Logistics
Program

Management

Manufacturing

Operation
Training

Layout



OOTTTT
Tactical Technology OfficeTactical Technology Office

Simulation-Based DesignSimulation-Based DesignDARPADARPA

Requirements Concept 
Formulation

Training

Manufacturing
Analysis

Cost/Risk
Analysis

Collaborative
Design

Multi-Disciplinary
Analysis

NBS
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Engineering Federation Experiment
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Missile Threat(s)
(In the Loop (NSWC or Synthetic))

Directed Intercept (Distributed
T&E-EW)

Jammer
Comms

Synthetic (Generated)
Radar

Virtual Ship
Prototype in a

Synthetic
Atmosphere/Ocean

Ship
• Virtual Ship Product Model
• Comprehensive Object Description
• Design Variation and Reply Resulting from Threat

Interface Collaborative Design Environment Dense
• Product Life Cycle Detail and Demo
• Leads to Elec. System VP w/ Synthetic Environment

• Provides Scalable Engineering Functionality
• Multiple Demos Embedded

— Design
— Construction
— Training
— Manufacturing

• Ship Radar Computed Remotely

Missile
• Simulate or Stimulate
• 6DOF

Aircraft:  IADS, T&E-EW, JMASS
• Jammer Interface w/ Aircraft in the Loop

Engineering Proto-Federation – Prototype Demonstration
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HM&E DESIGN

● CHANGE HULL SHAPE
● MODIFY STRUCTURE

COMBAT SYSTEM DESIGN

● ADD MODIFY WEAPONS

WARFARE EVALUATION

● PROGRAM DETECTION
● PROGRAM LIMIT IN
 LOCATION
● EFFECTIVENESS OF
 COUNTER MEASURES

VULNERABILITY

● RCS SIGNATURE

SURVIVABILITY

● DAMAGE ASSESSMENT

INCREASE
DEFENSIVE CAPABILITYPRODUCT &

PROCESS MODEL

● BASELINE DESIGN
● SURVIVABILITY REQ
● THREAT DEFINITION
● COST REQUIREMENTS
● MEASURE EFFECTIVENESS

REQUIREMENTS
ANALYSIS

● FLOW DOWN
 SURVIVABILITY INTO HM&E
 AND COMBAT SYSTEM
 DESIGN

REDUCE DETECTION
DECREASE VULNERABILITY
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DESIGN ENGINE

ENGINEERING
ANALYSIS

WARFARE SIMULATIONOPERATIONAL
PERFORMANCE
ASSESSMENT

CROSS DISCIPLINE
COMPATIBILITY/

MANUFACTURABILITY/
MAINTAINIBILITY/...

VULNERABILITYSURVIVABILITY

HULL MECHANICAL
& ELECTRICAL

(HM&E)

COMBAT SYSTEM
(CS)

DESIGN
VERIFICATION
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SBD Architecture Overview

LOGISTICS AND
SUPPLY CONTEXT

MANAGEMENT

FEDERATION MANAGER
COST CONTEXT
MANAGEMENT

MANUFACTURING
CONTEXT

MANAGEMENT

MECHANICAL
CONTEXT

MANAGEMENT
"N" CONTEXTS
MANAGEMENT STRUCTURAL

FEDERATE
PROCESSING

STRUCTURAL
CONTEXT

MANAGEMENT

ELECTRONIC
CONTEXT

MANAGEMENT

ELECTRONIC FEDERATE
PROCESSING

COMBAT CONTEXT
MANAGEMENT

SIMULATION FEDERATE
PROCESSING

SPM

MOTOR

RADAR
PUMP

GENERATOR

HULL

MECHANICAL FEDERATE
PROCESSING

COST FEDERATE
PROCESSING

LOGISTICS AND SUPPLY
FEDERATE PROCESSING

MANUFACTURING
FEDERATE

PROCESSING "N" FEDERATE
PROCESSING

SBD
COLLABORATION
INFRASTRUCTURE
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Ship Design
Engine

Engineering
SPM

RTI

Combat System
Design
Engine

Operational
Simulation

Engine

Engineering
Analysis
Engine

Federation
Manager

Ship

RadarCID

Viewer

SPM
(Ship, weapons)

RTI

Gun

Threat
Missile

Physical
Design

Functional
Design

Requirements
Analysis

Combat System
SPM

RTI

Network
Analysis

Vulnerbility
Analysis

Damage
Assessment

Mega-program
evaluator

Optimziation
tool

Sim
Controller
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User Involvement

• Aeroelastic Wing - Advanced Structural Design

• Virtual Satellite - Scaled Manufacturing

• Electro-mechanical System

• Submarine Virtual Test & Evaluation - Synthetic Shock
Environment
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SBD Being Tested in Several 
Domains

Extensibility
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Aircraft SPM Practical Demonstration

Converge Wing 
Aeroelastic Performance

Couple Fuselage / Wing / Tail Performance 
Parameters

Trade Tail Configurations

η

Roll Power Sensitivity

Change Wing Control Surface 
Parameters

1

1 2
1

3
1

1

1

1

1

2
1

2
1

3
1

3
1
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Commercial
Tools

Legacy
Engineering
Tools

Requirement
Tools

Common
Database

Work
Flow
Tools

Cost 
Tools

3D
Visualization

Synthetic Space SystemsSynthetic Space Systems
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Hybrid Electric Combat Vehicles

Mission and Requirements

Weight and Volume Control

Power System Architecture and 
Load Management

Thermal Management

Power Quality/Stability

Electromagnetic Compatibility and 
Grounding

Fault Tolerance
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Dynamic Shock and Vibration 
Simulation Acting on SPMs for 

Analysis

Comparison with
Physical Model
Analysis for
Initial Validation

Design/Analyze
Mounts

Linked Product Models of Complex  Deck 
Structure and Shock/Vibration Mount

1

23

4 Construct/
Test



OOTTTT
Tactical Technology OfficeTactical Technology Office

Simulation-Based DesignSimulation-Based DesignDARPADARPA

Where Is SBD Now?Where Is SBD Now?

• Its Here Today:
–Core Software Modules
–Templates to integrate tools
–Guidelines to populate a product & process model
–Start-up libraries

• Its Available:
–Web site for downloading sofftware and information
–On-line FAQ section & Help line
–Application & integration support

sbdhost.parl.comsbdhost.parl.com
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What do You Have to do to get 
SBD?

What do You Have to do to get 
SBD?

•  We are building the core environment.  The users 
will need to populate product models and assemble  
analytical tools.

•  Users will have to procure supporting software 
and/or licenses.

•  Users will have to provide for personnel training 
and for process incorporation into their program.

•  We are actively looking for service users who 
have a need and a desire for this capability.
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Future of SBDFuture of SBD
• Refinement Of the Core System Planned For This Year

–Improve SPM Services and Functionality
–Expand Communications Capabilities
–Expand Federation / Task Execution & Control

•
• Continue with the Domain Extensibility Exercises
•
• Proceed in the Upcoming Phase to the Productization Of the 

SBD Core Processing System Software
•
• Apply to Two SBD Pilots (Comms Satellite and ASC/ISD) and 

others where opportunities and resources permit

Transition from DARPATransition from DARPA
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Design

Core IPDE

Training Production Deployment

Logistics

$
$ $

$

$

To this point we’ve only begun to exploit the potentialTo this point we’ve only begun to exploit the potential

$

T&E
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Summary

Total product life cycle ownership

Comprehensive Exploration Of 
Trade Space To Select Best 

Value Design

Total Ownership Lifecycle
Support Up Front In Design

Seamless Transition From 
Design To Manufacturing

Embedded Training at System
and System of Systems Levels


